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A polymer antibacterial surface has been successfully developed. The coating system used silane as binder and Ag particles
as antibacterial agent. The silver was synthesized using precipitation method. X-ray diffraction (XRD), field emission scanning
electron microscopy (FESEM), Brunauer-Emmett-Teller (BET) tests, energy-dispersive X-ray spectroscopy (EDX), and X-ray
photoelectron spectroscopy (XPS) were carried out to evaluate the silver particles. Antibacterial properties of the coating system
were tested against gram-negative bacteria, namely, Pseudomonas aeruginosa and Escherichia coli. Different amounts of Ag were
used in the coating to optimize its usage. The Japanese International Standard, JISZ2801, was used for bacteria test and the surface
developed complies with the standard being antibacterial.

1. Introduction

Pseudomonas aeruginosa is present in our surroundings. It
causes no harmful effects to healthy person but can cause
serious illness and even fatal infections to those with weak
immunity. Pseudomonas aeruginosa infections usually occur
in hospitals because patients with weak immune systems due
to some chronic illness are warded there. Apart from that,
it is also a post-surgical infection. According to one study
conducted in Seoul National University Hospital in 2002 [1],
78.7% of the pseudomonas cases were hospital acquired and
the 30-day mortality rate was 39%. A study at Hospital of
Kaunas University of Medicine [2], Lithuania, in 2010 using
5-year data showed that 58.8% of cases occurred in intensive
care unit with its overall mortality rate of also 58.8%.
Escherichia coli on the other hand is a bacteria known to cause
food poisoning. Poor hygiene in the food storage and prepa-
ration area is a key to its spreading.

Application of silver as an antibacterial agent is well estab-
lished and its usage can be traced to the ancient Ayurvedic

alternative medical practices. Since then, the interest in silver
has never been receded. The breakthrough in nanotechnol-
ogy and the outbreak of bird flu worldwide have awoken the
world community to the presence of dangerous bacteria
around us.This has further resulted in tremendous interest in
antibacterial properties especially over the past two decades.
Its antibacterial properties have also become a trademark for
home appliances. One limitation in using silver is its high
cost.Numerous techniques [3–8] have beendeveloped to syn-
thesize it and one of the simple and cheap routes is the chem-
ical precipitation method. With this method, different sizes
of particles, morphologies, and crystallite sizes can be syn-
thesized using silver nitrate as precursor.

The sol-gel method is one of many viable techniques [9–
11] for coating preparation. It allows materials to be dev-
eloped at low temperatures. Its versatility in fabricating awide
range of materials with different properties found its appli-
cations in numerous fields such as corrosion and coating,
development of sensor, catalysis, membranes, and optoelec-
tronics. Developing antibacterial coating based on the sol-gel
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technique enables different types of polymers to be used
as binder [12, 13]. Amongst the binders, silane has been
widely used due to its simplicity, durability, strength, and
transparency.

Although antibacterial coatings using polymer as binder
have been extensively investigated, the usage of silane as
binder as well as its performance towards “hardy” bacteria is
still limited. Moreover, the simplicity in applying the coating
to a surface as well as retaining its transparency level is also
our focus. Herein, we report our success in developing
antibacterial coating for elimination and inhibition of the
bacteria. XRD, BET, and FESEM were used to evaluate the
crystal structure, surface area, and morphology of the parti-
cles, respectively. UV-Vis spectroscopy was used for optical
characterization of the coating.

2. Methodology

2.1. Synthesis of Ag Particles. 0.2mL of ethylene diamine
was added to the 40mL of 0.1M silver nitrate solution and
stirred for 5 minutes. 0.1 g of dispersing agent cetyltrimethy-
lammonium bromide (CTAB) was added to the solution
and stirred for another 5 minutes before 10mL of hydrazine
hydrate was added. The stir was continued for another 15
minutes. The particles were separated from the solution by
centrifuging the solution at 5000 rpm for 20 minutes. The
particles werewashed from the reactants chemicals by repeat-
ing the centrifuging process with deionized water and lastly
with ethanol.The particles gathered were dried in desiccators
for 24 hours. Ball milling process with weight ratio of ball to
sample being 120 : 1 was carried out for 4 hours at 300 rpm.
XRD, BET, and FESEM were used to characterize the Ag
particles.

2.2. Preparation of Coating. Methyltrimethoxysilane (Si–
CH
3
–(OCH

3
)
3
) and n-propanol were mixed (weight ratio of

1 : 1) in a beaker. Ag particles (0.5%wt)were added to themix-
ture and were vigorously stirred. Nitric acid was diluted (5%)
to obtain the pH of 0.1 and was used as catalyst which was
later added to the system by 10% wt and stirred. The sol-gel
produced was then applied onto glass substrates using only a
sponge and allowed to dry before transparency measurement
was carried out using UV-Vis spectroscopy. FESEM and EDX
were used to study themorphology and distribution of the Ag
on the surface.

2.3. Antibacterial Testing. The antibacterial testing for coat-
ings was carried out according to Japanese International
Standard, JISZ2801, by an accredited laboratory SIRIM QAS
Sdn. Bhd., Malaysia. Generally, there are few steps involved
in the tests [14].

(a) Sample bacteria were suspended in nutrient broth
cultivate medium and were incubated. After the culti-
vation, the suspension was diluted with some amount
of sterilized water to obtain a sample suspension
whose bacteria concentration was in the range of
1.0 × 105-1.0 × 106 cfu/mL (colony forming unit per
milliliter).

(b) A sample suspension of 0.040mLwas dropped on the
surface of a specimen, which was horizontally placed
on a sterilized Petri dish, and the droplet was covered
with a sterilized polyethylene (PE) film to prevent the
suspension from drying up.

(c) The specimens were subsequently placed in an incu-
bator and bacteria were incubated for 24 hours at 37∘C
and relative humidity of 90%. After the incubation,
the surface of the specimen and the PE film were
rinsed to harvest bacteria exposed to the sample. To
count the total viable bacteria, a plate counting tech-
nique using standard agar medium was adapted.

In order to obtain control data, a sample suspension of
0.040mL was dropped on a sterilized Petri dish, and the
droplet was coveredwith a sterilized PEfilm. Such a specimen
is designated as control. For control specimens, the following
processes, that is, incubation, harvest, and counting the total
viable count, were the same as those for the sample specimens
and were carried out simultaneously. The number of bacteria
in our control sample was reported to increase from 3 × 105 to
more than 1.0 × 108 after 24 hours of incubation.

3. Results and Discussions

Figure 1(a) shows the sharp XRD peaks of the Ag particles
indicating its crystallinity. All the peaks in XRD pattern
can be indexed to a face-centered cubic structure of Ag
(JCPDS, file number 04-0783). Figure 1(b) reveals the rela-
tively uniform roundish morphology. The sizes of particles
are approximated to be in the range of 50 nm to 300 nm and
agglomeration of the nanosized crystallite can be seen quite
clearly.

Nitrogen sorption (BET) was used to determine the spe-
cific surface area of the Ag nanoparticles. Nitrogen sorption
isotherms are displayed in Figure 2. BET characterization
gives specific surface area of the as-prepared samples value as
2.8m2/g. Its total pore volume is 1.137 × 10−2 cm3/g for pores
smaller than 498.4 × 10−10m in diameter. The average pore
diameter is 162.5 × 10−10m.

It is believed that antibacterial performances can be
improved by increasing the specific surface area of the
materials [15]. Hence, the materials with nanostructures
would providemore available surface sites for bacteria to have
contact with silver.

Elemental analysis was carried out on the synthesized Ag
using EDX. The presence of C in EDX test could probably
come from the carbon tape used to hold the sample (Table 1).
To confirm this inference, we carried out XPS test on the
sample. XPS has been widely used to determine the oxidation
state of the outer layer of nanoparticles [16, 17]. XPS charac-
terization provides surface elemental analysis which in our
case will eliminate the element of C should the inference is
true. This is because the XPS has lesser energy penetrating
depth (∼8–10 nm) as compared to EDX (10 𝜇m). From XPS,
no C was detected which confirmed that the presence of C in
the EDX which came from the carbon tape. On the other
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Figure 1: XRD and FESEM of the Ag nanoparticles.
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adsorption-desorption isotherms of the synthesized

Ag.

Table 1: Ag element detected using EDX and XPS.

Elements Detected with EDX (%) Detected with XPS (%)
O 4.89 51.11
Ag 80.25 48.89
C 14.86 —

hand, the increase in the percentage of O shows that the outer
layer of the Ag is oxidized.

Transparency of the coating was evaluated using UV-
Vis spectroscopy in the visible spectrum range of 300 nm to
900 nm. Figure 3 shows that the presence of Ag particles in
the coating has slightly reduced light transmission.The visual
appearances of the blank glass and Ag-polymer coated glass
are shown in Figure 3.

One of the requirements for coating to be antibacterial is
the ability to expose the active antibacterial ingredients on
the surface, which in our case are the Ag particles. Figure 4
reveals the coating when viewed using FESEM.The distribu-
tion of Ag can be seen scattered on film, whichwas confirmed
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Figure 3: (a) Optical properties of the coatings by UV-Vis spec-
troscopy of the coatings and (b) optical (eye) comparison.

by EDX.TheAgNPs were dispersed and exist as “clumps” and
do not exist as continuous layer of AgNPs covering the whole
surface. This was purposely done due to several reasons:

(a) covering the whole surface with AgNPs will affect
the transparency level and interfere in the original
properties (e.g., colour and beauty) of the surface;
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Figure 4: FESEM images showing (a) top view of the polymer
coating and (b) cross-sectional view of the coating showing Ag
particles with EDX spectra.

(b) to minimize the amount of Ag in the coating system
but still effective in eliminating the bacteria. Continu-
ous layer of Ag is not necessary as it will only result in
a waste and expensive coating due to high price and
redundant use of Ag.

Figure 5 shows result of the antibacterial test against Pseu-
domonas aeruginosa and Escherichia coli bacteria. In this test,
bacteria were allowed to breed on the Ag coated slides for a
period of 24 hours. Number of bacteria on the Ag coated
slides at zero hours and after 24th hour was counted. To be
accepted as an antibacterial coating, the number of living
bacteria cells after the 24th hourmust be lesser than the one at
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Figure 5: Graph depicting number of viable bacteria cells at 0 and
after 24 hours. (a) Pseudomonas aeruginosa and (b) Escherichia coli.

zero hours. This would indicate the reduction or elimination
of the bacteria by the coated slides.

All the Ag coated glass samples resulted in approximately
total elimination (<10) of the Pseudomonas aeruginosa bacte-
ria after the 24th hour. For Escherichia coli tests, except for the
coating with 0.5% Ag, the other samples proved to inhibit the
bacteria almost in total as well as (<10) after the 24th hour. To
establish the fact that the antibacterial properties come solely
from the presence of Ag in the coating systems, tests for blank
and polymer-coated glass were carried out. For both cases,
the amount of bacteria increased from approximately 3 ×
105 to more than 1.0 × 108 after 24 hours of incubation. The
bacteria were not eliminated. This indicates that the antibac-
terial properties of the coating system are contributed solely
by the Ag particles. Therefore based on the tests, the coating
system has been proven to be able to eliminate these two
bacteria.

Nanosilver (Ag nanoparticle) is one of the most com-
monly used nanomaterials because of its strong antimicrobial
activity. Several studies [18, 19] have proposed themechanism
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in which Ag particles eliminate bacteria. These are based on
(i) dissolved silver ions interaction and (ii) reactive oxygen
species (ROS). In the former, dissolved ions interrupt the bac-
teria cell’s ability to formbonds essential for its survival.These
bonds produce the cell’s physical structure and therefore
when bacteria meet silver ions they literally fall apart. Silver
also disrupts multiple bacterial cellular processes, including
disulfide bond formation, metabolism, and iron homeostasis
resulting in increase of permeability of the cell wall [18]. For
the latter, a recent study suggested that ROS generation by
Ag nanoparticles or Ag+ ions could also be responsible for
the strong antibacterial agents [19]. There are three types of
ROS commonly associated with Ag nanomaterials: singlet
oxygen 1O

2
, hydroxyl radical ∙OH, and peroxide radicalO

2

∙−.
Among these, 1O

2
is said to be the most detrimental to cells.

In our case, although Ag particles are used instead of its ionic
form (Ag+), it has been reported that metallic silver can be
oxidized to silver ion [19] especially if they are in nanosize.
On the other hand, study on ROS generation by Xu et al. [20]
showed that the usage of Ag NP does produce ROS when
tested against Escherichia coli. Therefore we believe that the
antibacterial property of our sample can be attributable to
both mechanisms.

Antibacterial coating can provide bacteria-free envi-
ronment especially in hospitals and are useful to prevent
infections by multidrug-resistant bacteria. Specifically, the
coatings could potentially be used for walls in the operation
theatre and ICUor any surface. they could possibly reduce the
number of mortalities for cases related to bacteria acquired
from these two rooms. Therefore, overall mortality cases
could be reduced.

4. Conclusion

Antibacterial coating based on sol-gel technique has been
successfully developed and proven to be able to effectively
eliminate and inhibit the growth of gram-negative bacteria,
namely, Pseudomonas aeruginosa and Escherichia coli. The
coating showed a high and tolerable level of transparency
which is important so that the material coated can retain its
original properties.
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[2] A. Vitkauskienė, E. Skrodeniene, A. Dambrauskiene, A. Macas,
and R. Sakalauskas, “Pseudomonas aeruginosa bacteremia:
resistance to antibiotics, risk factors, and patient mortality,”
Medicina, vol. 46, no. 7, pp. 490–495, 2010.

[3] Q. Zhang, W. Li, C. Moran et al., “Seed-mediated synthesis of
ag nanocubes with controllable edge lengths in the range of 30–
200 nm and comparison of their optical properties,” Journal of
the American Chemical Society, vol. 132, no. 32, pp. 11372–11378,
2010.

[4] Y. Wang, Y. Zheng, C. Z. Huang, and Y. Xia, “Synthesis of Ag
nanocubes 18-32 nm in edge length: the effects of polyol on
reduction kinetics, size control, and reproducibility,” Journal of
the American Chemical Society, vol. 135, no. 5, pp. 1941–1951,
2013.

[5] G. Aksomaityte, M. Poliakoff, and E. Lester, “The production
and formulation of silver nanoparticles using continuous hydr-
othermal synthesis,” Chemical Engineering Science, vol. 85, pp.
2–10, 2013.

[6] M.Kim,W. S. Son,K.H.Ahn,D. S. Kim,H. S. Lee, andY.W. Lee,
“Hydrothermal synthesis of metal nanoparticles using glycerol
as a reducing agent,” Journal of Supercritical Fluids, vol. 90, pp.
53–59, 2014.

[7] M.Vijayakumar,K. Priya, F. T.Nancy,A.Noorlidah, andA. B.A.
Ahmed, “Biosynthesis, characterisation and anti-bacterial effect
of plant-mediated silver nanoparticles using Artemisia nilagir-
ica,” Industrial Crops and Products, vol. 41, no. 1, pp. 235–240,
2013.

[8] T. Zhao, R. Sun, S. Yu et al., “Size-controlled preparation of
silver nanoparticles by a modified polyol method,” Colloids and
Surfaces A: Physicochemical and Engineering Aspects, vol. 366,
no. 1, pp. 197–202, 2010.

[9] I. Perelshtein, Y. Ruderman, N. Perkas et al., “The sonochemical
coating of cotton withstands 65 washing cycles at hospital
washing standards and retains its antibacterial properties,”
Cellulose, vol. 20, no. 3, pp. 1215–1221, 2013.

[10] T.D.Michl, B. R. Coad,M.Doran et al., “Plasma polymerization
of 1, 1, 1-trichloroethane yields a coating with robust antibacte-
rial surface properties,” RSC Advances, vol. 4, no. 52, pp. 27604–
27606, 2014.

[11] L. Ren, X. Lin, L. Tan, and K. Yang, “Effect of surface coating on
antibacterial behavior of magnesium based metals,” Materials
Letters, vol. 65, no. 23, pp. 3509–3511, 2011.

[12] H. Kong and J. Jang, “Antibacterial properties of novel
poly(methyl methacrylate) nanofiber containing silver
nanoparticles,” Langmuir, vol. 24, no. 5, pp. 2051–2056, 2008.

[13] P. Dallas, V. K. Sharma, and R. Zboril, “Silver polymeric nano-
composites as advanced antimicrobial agents: classification,
synthetic paths, applications, and perspectives,” Advances in
Colloid and Interface Science, vol. 166, no. 1-2, pp. 119–135, 2011.

[14] H. Kawakami, K. Yoshida, Y. Nishida, Y. Kikuchi, and Y. Sato,
“Antibacterial properties of metallic elements for alloying eval-
uated with application of JIS Z 2801:2000,” ISIJ International,
vol. 48, no. 9, pp. 1299–1304, 2008.

[15] Z. Lu, K. Rong, J. Li, H. Yang, and R. Chen, “Size-dependent
antibacterial activities of silver nanoparticles against oral anaer-
obic pathogenic bacteria,” Journal of Materials Science: Materi-
als in Medicine, vol. 24, no. 6, pp. 1465–1471, 2013.

[16] P. Prieto, V. Nistor, K. Nouneh, M. Oyama, M. Abd-Lefdil, and
R. Dı́az, “XPS study of silver, nickel and bimetallic silver-nickel
nanoparticles prepared by seed-mediated growth,” Applied Sur-
face Science, vol. 258, no. 22, pp. 8807–8813, 2012.



6 Journal of Nanomaterials

[17] D. R. Baer and M. H. Engelhard, “XPS analysis of nanostruc-
tured materials and biological surfaces,” Journal of Electron
Spectroscopy and Related Phenomena, vol. 178-179, pp. 415–432,
2010.

[18] J. R. Morones-Ramirez, J. A. Winkler, C. S. Spina, and J. J.
Collins, “Silver enhances antibiotic activity against gram-neg-
ative bacteria,” Science Translational Medicine, vol. 5, no. 190,
Article ID 190ra81, 2013.

[19] R. Kumar and H. Münstedt, “Silver ion release from antimicro-
bial polyamide/silver composites,” Biomaterials, vol. 26, no. 14,
pp. 2081–2088, 2005.

[20] H. Xu, F. Qu,W. Lai, Y. A.Wang, Z. P. Aguilar, andH.Wei, “Role
of reactive oxygen species in the antibacterial mechanism of
silver nanoparticles on Escherichia coliO157:H7,” BioMetals, vol.
25, no. 1, pp. 45–53, 2012.



Submit your manuscripts at
http://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in 

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

N
a
no

m
a
te
ri
a
ls

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal ofNanomaterials


